Introduction
Adverse reaction to histamine, frequently also termed "histamine intolerance", is a widespread clinical picture, but diagnosis is difficult. To give consideration to all its varieties and diverse influencing factors the term "adverse reactions to histamine" will be used in this article. The assumption that adverse reactions to histamine might primarily occur due to an enzyme deficiency, like lactose intolerance or hereditary fructose intolerance, is contradicted by the fact that reported adverse reactions to ingested histamine are not always reproducible. The authors of a recently published double-blind, placebo-Review controlled multicenter study conclude from the results of provocation tests in patients with suspected adverse reactions to histamine "that the term histamine intolerance presumably represents a symptom complex that only in individual cases can be traced back to histamine alone" [14] .
Functions of histamine
Histamine is a transmitter with manifold important functions in the human body. As some effects of histamine can lead to medical conditions and thus are perceived as negative, it is often forgotten that histamine performs a number of physiological functions in the body. Diagrams on the mode of action of histamine frequently show symptoms (Figure 1 ), but do not impart its physiologically important effects. Its effects on the secretion of gastric acid, for example, are presented mainly by naming symptoms like abdominal pain, cramps, diarrhea or meteorism, while its positive effects in the sense of protein digestion are not mentioned.
The finding that the intake of drugs inhibiting the secretion of gastric acid (proton pump inhibitors) can result in an incomplete protein digestion and thus in a reduced inactivation of allergens followed by an increased sensitization to allergens unstable to digestion [19, 28] , illustrates the importance of taking into account all the effects of histamine.
Its effects on female hormones are also frequently described as pathological, while they are in fact physiologically important. In this context Maintz et al. [17] could show that during pregnancy there is an upregulation not only of the histamine-depleting enzyme diamine oxidase, but also of the histamineproducing enzyme histidine decarboxylase. The authors conclude that the balance between histamine and diamine oxidase (DAO) is crucial for a complication-free pregnancy.
Experiments in mice suggest that histamine plays an important role in the regulation of the energy balance too [7] . Mice that cannot synthesize histamine are characterized by visceral obesity, disturbed glucose tolerance, hyperinsulinemia and hyperleptinemia.
In the context of immune responses histamine is not only a mediator of acute allergic and non-allergic reactions, but also acts as immunomodulator and influences chronic inflammation [2, 9] .
Histamine depletion
Adverse reactions to histamine are explained by an insufficient histamine depletion. Histamine is depleted extracellularly by DAO, which is stored in vesicles and released if necessary, or intracellularly by histamine N-methyltransferase (HNMT). It is suggested that exogenous histamine is mainly depleted by DAO, although some authors also consider the depletion by HNMT to be of importance [15] . The latter assumption is, however, contradicted by results from an experiment in pigs to which the description of adverse events to histamine is traced back [24] : in this experiment the administration of 60 mg of histamine resulted in severe symptoms or death in three pigs with specifically inhibited DAO. Pigs with normal DAO activity tolerated cheese without any problems. A second experiment showed that premedication with a combination of H1and H2-receptor antagonists could prevent symptoms [25] .
These experiments were the first basis for the assumption that an insufficient DAO activity was the most important factor for the negative effects of histamine. While in the beginning the focus was put on the inhibition of DAO activity by drugs [23, 25] , an underlying enzyme deficiency, detectable by blood tests, was assumed later [18] . Today it is well known that the parameters of DAO activity in the blood do not correlate with those in the intestine [8] so that blood tests for the determination of DAO activity do not seem reasonable for the diagnosis of adverse reactions to histamine in food and beverages [13, 27] .
Is the differentiation between endogenous and exogenous histamine necessary?
When the clinical picture and its diagnosis is discussed, there is frequently no differentiation between endogenously released and exogenously administered histamine. The fact that exogenous histamine below a toxic threshold is depleted and disposed of by intestinal DAO and perhaps also HNMT in healthy subjects as well as the lack of correlation between DAO in the blood and intestinal DAO suggest that the differentiation between an endogenous and an exogenous disturbance of depletion is reasonable or even necessary. A limited depletion capacity for endogenously released histamine (e.g., after an allergic reaction) is not necessarily associated with a limited catabolization of ingested histamine. Consequently, for diagnosis a clear and reproducible relation between ingestion of histamine-rich food and subsequent symptoms should be established [26] . 
Diagnosis of adverse reactions to ingested histamine
The key factor in the successful diagnosis of any adverse reactions is a thorough patient history. Beyond the documentation of the detailed information provided by the patient it is essential to systematically inquire and question the symptoms supposedly related to the adverse reaction and to establish an unambiguous relationship with the ingestion of histamine-rich food or beverages. The reproducibility of symptoms is of particular interest in this context. If the symptoms are not reproducible, it is advisable to identify possible concomitant factors (see below) that need to be present to trigger the symptoms and, on the other hand, to eliminate other causes (see Differential diagnosis). An important device for diagnostic work-up is a diet and symptom diary. The detailed daily documentation of consumed food and beverages including quantities and time specifications as well as the description of symptoms (also with time specifications) do not only complement the details provided in the patient history but can in some cases also invalidate them.
Differential diagnosis
A proper differential diagnosis is essential for successful therapy. The diet and symptom diary are also very useful in this context. First and foremost symptoms of toxic nature should be excluded. A histamine content of 100 mg/kg fish is already considered critical. This threshold can easily be exceeded in spoiled fish belonging to a family with high histidine content (e.g., scombridae, clupeidae, engraulidae, coryphaenidae, scomberesocidae). Therefore, the European Union has established a limit of 100 mg/ kg (maximum of 200 mg/kg) (Commission Regulation (EC) No 2073/2005) [29] ).
Even more important for differential diagnosis are changes in the gastrointestinal tract. They can influence the metabolization of ingested histamine by an increased permeability as well as by an impaired function of the depleting enzymes. A relationship between intestinal permeability and chronic urticaria could already be demonstrated in the 1990s [11, 12] . Bühner et al. [4] added to this knowledge by carrying out a study on the use of a pseudoallergen-poor diet (which is also poor in biogenic amines) in patients with chronic urticaria: they could show that those patients benefited most from the diet whose permeability of the gastroduodenal and intestinal mucosa had been increased before. Improvement or complete disappearance of symptoms after the diet was associated with the normalization of the gastroduodenal permeability. Kuefner et al. [15] demonstrated that the activity of both enzymes (DAO and HNMT) was reduced in patients with food allergy as well as in patients with colon adenoma. Unfortunately, it was not studied whether the reduced enzyme activity influenced the tolerability of histamine-containing food. Experience with patients also shows that the gastroduodenal tract plays a major role in the development of adverse reactions to the ingestion of histamine-rich food. Patients with concomitant impairment of carbohydrate utilization or untreated gluten-sensitive enteropathy frequently report adverse reactions to histamine that vanish or become rarer after successful therapy of the underlying disease. It is suggested that also the composition of intestinal bacteria, which is also influenced by the composition of ingested foods, plays an important role. All components of food are microbially fermented in varying degrees and thus influence the microbiotic composition in the small intestine as well as in the colon. This, on the other hand, can influence the pH value and the morphology of the gastrointestinal tract, and thus also its permeability [3] .
When gastrointestinal symptoms are present it should, however, also be considered that symptoms can be triggered by endogenous histamine released, for example, by intestinal mast cells. Table 1 . Diagnostic work-up when adverse reactions to histamine in food and beverages is suspected (modified from [26] ).
-Detailed medical/dietary history -Verify association/reproducibility between ingestion of food and symptoms using a dietary and symptom protocol -Exclude other causes (intake of toxic amounts, impairment of carbohydrate utilization, celiac disease, delayed depletion of endogenous histamine, increased endogenous release and so on) -DAO determination -if useful at all, should be only determined in the intestine -Provocation testing To date, no useful objective parameters for the diagnosis of adverse reactions to histamine have been found. To our current knowledge the determination of DAO in the blood is not really significant [13, 27] . The measurement of intestinal DAO activity might be a more reliable parameter [26] , but as it requires a biopsy it is also more complicated.
The gold standard for the diagnosis of adverse reactions is a double-blind, placebocontrolled provocation test. Until now no sensible provocation regime has been developed and evaluated. Efforts to establish such a regime failed due to the fact that at a dose of 75 mg half of the controls without suspected adverse reactions to histamine developed symptoms [31] . Obviously this dose is so close to the toxic level that no differentiation between affected and unaffected persons is possible.
As a consequence, diagnosis can currently only be based on clinical criteria and thus to a large extent on establishing a clear relationship between patient history and reproducible reactions.
Therapy approach
If the diagnosis "adverse reactions to exogenous histamine" is reproducible and confirmed, therapy aims at limiting the symptoms to a minimum without reducing the patient's quality of life. General histaminepoor diets, such as those found on the web and frequently recommended to patients, are usually inappropriate to achieve this therapeutic goal (see below). At most, they can be used as diagnostic tools in order to make sure that the symptoms are absent during this diet. However, it is important not to forget the possible placebo effect that might occur from the patient's hope for improvement. Therefore, the improvement of symptoms during diet alone is not a proof for underlying adverse reactions to histamine.
General histamine-poor diets are not sensible
These kinds of diets are not suitable as a long-term therapy, mainly because they limit the range of food and beverages too much. The histamine contents of food can vary significantly: freshly caught fish, for example, contains almost no histamine, while the histamine content of cured, pickled or not really fresh fish can be more than 2,000 mg/ kg [22] . The histamine content of cheese, another frequently cited histamine-rich food, can also vary significantly. Even Emmental cheese, Swiss mountain cheese or blue cheese can contain less than 5 mg/kg of histamine [1, 22] . Similar is true for sausages, wine, pickled vegetables and the like [1, 6, 20] . But not even the detailed knowledge of the histamine content of a certain food allows to draw conclusions about its tolerability. While increased amounts of histamine in fish can easily cause toxic reactions, considerably higher amounts of histamine are tolerated when consumed in the form of cheese [5] . Thus, the senate commission of the Deutsche Forschungsgemeinschaft (German Research Foundation) states that the maximum amount of 200 mg histamine/kg indicated in the hygiene regulation on fish cannot be applied to cheese. As a possible explanation they indicate a slower release of biogenic amines from cheese in the gastrointestinal tract. This statement is supported by experience from nutrition therapy. The individual tolerability is obviously significantly influenced by the choice of food as well as by the composition and intervals of meals. Lowcarbohydrate, protein-and fat-rich nutrition -as it is frequently applied in patients with impaired carbohydrate utilization -leads to a significant improvement of symptoms. The positive effect is probably based on an increased gastrointestinal passage time, a changed permeability and subsequently a longer period of action of the catabolizing enzymes, but also on the influence on the patient's intestinal microflora. Possibly the too high amounts of carbohydrates in a bread-or starch-rich diet can also explain why many patients report not to tolerate bread very well. Patient guides often ascribe this effect to the yeast used in bread baking, but the detectable values for yeast are clearly below 10 mg/kg. Yeast extract, on the other hand, can contain significant amounts of histamine.
As histamine depletion is delayed due to the presence of other biogenic amines in food, also food with a high content of other biogenic amines is "banned" in many generalized diet lists. However, also the amounts of other biogenic amines vary according to ripeness, storage, preparation, deterioration, and the like, so that a general ban of food with a high content of biogenic amines that is not individually adjusted for each patient, is always associated with restrictions.
Furthermore, the frequently recommended total avoidance of so-called histamine liberators limits the patient's choice of food significantly. Whether histamine liberators, that only contain small amounts of histamine themselves but are supposed to trigger a histamine release really exist, is controversially discussed [30] .
A survey of patients with suspected adverse reactions to histamine showed that a number of supposedly relevant foods are indeed not tolerated by many, but by far not by all, affected persons, while others can consume them without any problems [10] . This observation shows how important individual therapeutic guidance is.
Individual therapy for a better quality of life
Therapeutically, a three-step approach, as also recommended by the Food Allergy Working Group of Deutsche Gesellschaft für Allergie und klinische Immunologie (DGAKI), has proven effective [21] . The initial avoidance phase of 10 -14 days is primarily dedicated to symptom reduction by limiting the supply of biogenic amines. Additionally, the general choice of food, the composition of meals and the intervals between them are important. If the patient is used to a carbohydrate-rich diet, the addition of proteins and fat and the reduction of carbohydrates has proven to be an effective approach to support symptom reduction. After 2 weeks the avoided foods should be reintroduced (testing). This expands the variety of foods that can be consumed by the patient while taking into account individual factors (stress, hormone status, drug use and so on). The last phase is an individually adjusted continuous diet that warrants a high quality of life and does not limit the patient's choice of food too much.
Conclusion
The subjective suspicion of adverse reactions to histamine is -similarly to other adverse/intolerance reactions -by far more frequent than their objective detectability. What makes diagnosis and therapy even more difficult is the fact that diagnosis can be made only based on clinical observations. For diagnostic work-up it is essential to establish an objective relationship between patients' statements and reproducible reactions. Therapeutically, it is indispensable to advise the affected people individually in order to limit their nutritional restrictions to a minimum and, thus, to maintain their quality of life.
